Assessment of Surface Water Quality of Upper Basin of Lapus River (Romania) Postmining Closure Operation by Popa, Giana et al.
  
Original Article 
 
Assessment of Surface Water Quality of Upper Basin of Lapus 
River (Romania) Postmining Closure Operation 
 
POPA Giana1,2, Tania MIHAIESCU1, Antonia ODAGIU1, Radu MIHAIESCU3,            
Claudia BALINT1 
 
1University of Agricultural Sciences and Veterinary Medicine, Faculty of Agriculture, 3-5 Manastur St., 400372, Cluj-Napoca, 
Romania 
2“Romanian Waters” National Administration, Somes Tisa Branch, 17 Vanatorului St., 400213, Cluj-Napoca, Romania 
3Babeş-Bolyai University, Faculty of Environmental Science and Engineering, Fantanele St., No 30, 400294, Cluj-Napoca, Romania. 
 
Received 12 July 2018; received and revised form 5 August 2018; accepted 22 August 2018 
Available online 30 September 2018 
 
 
Abstract 
 
Presently, the water resources of the planet are strongly affected by anthropic impacts so that their protection has 
become a major problem of humanity. The main purpose of this study is to assess the chemical status trend of the water 
body Lapus River - "Izvoare - Suciu and the tributaries", analyzing the section between the Izvorul Alb-Negru (the 
reference) section and the Lapusul Romanesc section which captures the significant impact of mining activity in Baiut 
metallogenic area. Although, since 2007 mining activities ceased in this area, and measures to contain the pollution were 
applied, the recovery of the affected environment is still slowly progressing. For the assessment of pollution with heavy 
metals it was calculated the Heavy metal pollution index (HPI) using weighted arithmetic mean method. The metals such 
as cadmium (Cd), lead (Pb), and nickel (Ni) were considered. The metal concentrations showed a dominance in the order 
of Cd > Pb > Ni, respectively. The value of HPI for the Lapusul Romanesc section was found to be much over the critical 
pollution index value of 100. The important information has been gained from this analysis, especially on the 
identification of significant temporal and spatial trends of water quality parameters and the status of river water quality 
according to the water quality standards. Its chemical state risks not reaching the target of the Water Framework Directive 
and constitutes an exception to the general good status of the river. 
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1. Introduction 
 
Monitoring and assessment of the water 
pollution has become a very critical area of study 
because of direct implications of water pollution on 
the aquatic life and the human beings. The 
monitoring of water quality parameters is one of the 
highest priorities in the evaluation of environmental 
status of water resources and in environmental 
protection policy. 
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The main objectives are to understand and 
evaluate the water availability and quality, to control 
and minimise the incidence of pollutant-oriented 
problems, and to provide water of appropriate quality 
to various water uses etc. The particular problem of 
water quality monitoring is the large number of 
measured variables [1]. Water quality monitoring 
programs generate complex data that require 
statistical treatment for analysis and interpretation to 
obtain better information about the quality of surface 
water. Such information can help environmental 
managers make better decisions regarding action 
plans [2, 3, 4]. 
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Heavy metals are among the most common 
environmental pollutants because of their toxicity, 
persistence and non-degradability in the environment 
[5] and their occurrence in water and biota indicate 
the presence of natural or anthropogenic sources [2]. 
The contamination of surface water by heavy metals 
is a serious ecological problem as some of them like 
Hg and Pb are toxic even at low concentrations, are 
non-degradable and can bio-accumulate through food 
chain. Though some metals like Fe, Cu and Zn are 
essential micronutrients, they can be detrimental to 
the physiology of the living organisms at higher 
concentrations [6].  
Spatial variation and source apportionment 
characterization of water quality parameters can 
provide a detailed understanding of environmental 
conditions and help researchers to establish priorities 
for sustainable water management [3].  
The quality of surface water is identified in 
terms of its physical, chemical, and biological 
parameters. In this study, only the physical and 
chemical parameters of surface water have been 
analysed. Statistical and trend analyses have been 
performed to water quality parameters from Lapus 
River. 
 
2. Material and Method 
 
Study area. The study focuses on the water 
body Lapus- "Izvoare - Suciu and the tributaries" 
RORW2.1.66_B1, analyzing the section between the 
Izvorul Alb-Negru (the reference) section and the 
Lapusul Romanesc section, which conforms to the 
RO 01 typology (according to the WFD) and which 
captures the significant impact of mining activity in 
Baiut metallogenic area (Fig. 1).  
 
 
Figure 1. Location of the studied area of Lapus River 
 
Previous studies [7-11] on area have 
highlighted the fact that the tributaries of Somes from 
Baia Mare mining basin are polluted with Zn and Cd 
from upstream to downstream and with Cu and Pb in 
some segments, situated under the influence of active 
or closed mine, tailing deposits or ore processing 
facilities. The upper part of Lapus River was found to 
be the most polluted watercourse. 
In 2006, on year before the cessation of waste 
depositing and implicity of mining activity 
(obligation included in the EU Ascension Treaty of 
Romania), the water quality of Lapus River shows an 
evident impact of heavy metal presence. In all 
sections monitored by the basin water authority, the 
measured values for Pb and Cd determined the fifth 
grade, the most unfavorable, for the Lapus River 
(referred to the Order no.161 / 2006).  
Methodology. Water quality data from 2011 
until 2015 were provided by “Romanian Waters” 
National Administration, Somes Tisa Branch for 
each monitoring site in winter (December–February), 
spring (March–May), summer (June–August), and 
fall (September–November). The water quality 
parameters seasonally measured included water 
temperature, air temperature, pH, DO, BOD, COD, 
ammonia, nitrite, nitrate, total nitrogen (TN), 
phosphates, total phosphate (TP), hardness. 
Moreover, 6 metal parameters were measured: iron 
(Fe), manganese (Mn), lead (Pb), cadmium (Cd), zinc 
(Zn) and mercury (Hg). 
Statistical analysis were performed using IBM 
SPSS Statistics for Windows. 
It was calculated the Heavy metal pollution 
index (HPI) using weighted arithmetic mean method. 
HPI is a rating method and an effective tool to assess 
the water quality with respect to heavy metals. It 
provides the composite influence of individual heavy 
metal on the overall quality of water. The rating is a 
205 
POPA Giana et al./ProEnvironment 11(2018) 204-209 
 
value between zero and one, reflecting the relative 
importance of individual The calculation of HPI 
involves the following steps: 
1. the calculation of weightage of ith parameter. 
2. the calculation of the quality rating for each 
of the heavy metal. 
3. the summation of these sub-indices in the 
overall index – Heavy metal pollution index.  
The weightage of ith parameter is given by the 
equation (1)  
 
𝑊𝑖 =
𝑘
𝑆𝑖
 (1) 
 
where: Wi – the unit weightage; Si – the 
recommended standard for ith parameter; k is the 
constant of proportionality [12]. 
Individual quality rating is given by the 
equation below (2) 
 
𝑄𝑖 =
100 ×𝑀𝑖
𝑆1
 (2) 
 
where: Qi – the sub index of ith parameter Mi – the 
monitored value of heavy metal; Si – the standard 
value or permissible limit for the ith parameter 
(maximum permissible limit for drinking water given 
by national legislation). 
Heavy metal pollution index (HPI) was calculated 
based on the equation (3) [13]: 
 
 
𝐻𝑃𝐼 =
∑ 𝑊𝑖 × 𝑄𝑖
𝑛
𝑖=1
∑ 𝑊𝑖
𝑛
𝑖=1
 (3) 
 
 
3. Results and Discussions 
 
 
The statistical trend analysis for the river water 
quality was applied at the water quality parameters 
time series of two stations of Lapus River, Izvorul 
Alb-Negru (the reference) and Lapusul Romanesc, 
namely. The analysed surface water quality 
parameters included water temperature, pH, 
dissolved oxygen (DO), biochemical oxygen demand 
(CBO5), chemical oxygen demand (COD), nitrogen 
compounds, phosphorus compounds, heavy metals 
(Fe, Mn, Cd, Hg, Ni, Pb, Zn) and total hardness.  
The statistical analysis of water quality 
parameters time series from the analysed stations of 
Lapus River, Izvorul Alb-Negru (reference) and 
Lapusul Romanesc are presented in Tables 1÷4, 
respectively.  
The result of Pearson’s correlation analysis for 
Lapusul Romanesc section is shown in Tabel 2. 
 
 
Table 1. Basic statistics for the water quality parameters between 2011 and 2015 (Izvorul Alb-Negru – 
reference section)  
 
Parameter Sample size Mean SEx̅ Median Minimum Maximum Skewness Kurtosis 
Water temperature (C) 28 8.81  1.18 10.0 -0.4 19.0 -0.13 -1.44 
pH 30 7.15  0.9 7.2 6.02 7.84 -0.86 0.03 
DO (mg O2/l) 23 7.65  0.91 8.8 0.15 12.59 -0.93 -0.43 
BOD (mg O2/l) 23 19.1  7.11 1.50 1.08 85.18 1.47 0.18 
COD (mg O2/l) 21 3.83  0.90 2.2 0.01 10.0 0.81 -1.18 
N-NH4 (mg/l N) 20 0.30  0.17 0.02 0.0 2.72 2.87 7.07 
N-NO2 (mg/l N) 26 0.03  0.01 0.01 0.0 0.16 1.41 2.02 
N-NO3 (mg/l N) 25 0.23  0.04 0.14 0.01 0.68 0.61 -0.97 
TN (mg/l N) 20 1.15  0.22 1.4 0.01 3.88 0.95 1.48 
P-PO4 (mg/l P) 22 0.35  0.14 0.01 0.0 1.50 1.40 -0.06 
TP (mg/l P) 19 2.21  0.95 0.1 0.01 10.0 1.53 0.40 
Hardness (mg/l CaCO3) 19 43.12  12.28 0.81 0.0 143.92 0.68 -1.37 
Fe (mg/l) 20 3.83  3.1 0.03 0.0 61.0 4.11 17.38 
Mn (mg/l) 21 11.55  5.35 0.03 0.0 70.0 1.77 1.36 
Cd (µg/l) 23 0.11  0.04 0.03 0.0 0.69 2.16 4.36 
Hg (µg/l) 19 0.67  0.22 0.07 0.01 2.98 1.20 -0.07 
Ni (µg/l) 21 0.58  0.15 0.2 0.01 2.0 0.87 -0.79 
Pb (µg/l) 24 0.84  0.55 0.15 0.01 13.2 4.55 21.36 
Zn (µg/l) 21 10.77  4.38 3.0 0.02 81.0 2.49 6.34 
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Table 2. Correlation matrix between water quality data in the Izvorul Alb Negru 
 
Parameter 
Water 
temp. 
pH DO BOD COD N-NH4 N-NO2 N-NO3 TN P-PO4 TP 
Water temp. 1 0.087 -0.453* 0.124 -0.211 0.274 0.228 0.072 -0.192 0.144 0.072 
pH  1 0.204 -0.224 -0.162 0.067 -0.176 0.251 -0.122 -0.219 0.298 
DO   1 -0.927** 0.383 -0.852** -0.767** 0.500* -0.455 -0.927** 0.307 
BOD    1 -0.287 0.993** 0.785** -0.580** 0.565* 0.999** -0.409 
COD     1 -0.142 -0.467* 0.347 0.326 -0.333 -0.173 
N-NH4      1 0.806** -0.416 0.459 0.993** -0.338 
N-NO2       1 -0.378 0.292 0.805** -0.433 
N-NO3        1 -0.380 -0.579** -0.158 
TN         1 0.543* -0.503* 
P-PO4          1 - 
TP           1 
**: Correlation is significant at the 0.01 level (2-tailed); *: Correlation is significant at the 0.05 level (2-tailed). 
 
 
Table 3. Basic statistics for the water quality parameters between 2002 and 2015 (Lapusul Romanesc section) 
 
Parameter Sample size Mean SEx̅ Median Minimum Maximum Skewness Kurtosis  
Water temperature (C) 46 11.34  1.17 11.5 -0.3 28 0.15 -1.12 
pH 49 7.34 0.06 7.42 5.53 8.14 -1.71 5.11 
DO (mg O2/l) 43 9.31 0.28 8.95 6.14 12.73 0.29 -1.14 
BOD (mg O2/l) 44 1.91 0.15 1.8 0.6 4.2 0.38 -0.64 
COD (mg O2/l) 43 12.72 0.77 11 5 32 1.49 3.77 
N-NH4 (mg/l N) 37 0.16 0.02 0.12 0.02 0.61 1.66 2.45 
N-NO2 (mg/l N) 45 0.01 0.00 0.01 0 0.05 1.14 -0.37 
N-NO3 (mg/l N) 45 0.33 0.04 0.27 0.01 1.41 1.52 5.38 
TN (mg/l N) 42 1.04 0.08 1.24 0.5 2.15 0.04 -1.63 
P-PO4 (mg/l P) 44 0.63 0.18 0.01 0 3 1.52 0.31 
TP (mg/l P) 39 0.03 0.00 0.03 0.01 0.18 3.66 15.84 
Hardness (mg/l CaCO3) 34 108.5 16.59 130 0.01 319.99 0.19 -1.11 
Fe (mg/l) 38 0.04 0.01 0.02 0.01 0.26 2.87 8.83 
Mn (mg/l) 32 3.31 1.71 0.67 0.1 55.03 5.24 28.60 
Cd (µg/l) 21 251.86  104.12 81.91 0.01 2058.83 4.26 19.25 
Hg (µg/l) 29 2.63 0.80 1.37 0.02 21.58 3.12 10.78 
Ni (µg/l) 29 2.29 0.49 2.5 0.02 10.21 3.38 13.51 
Pb (µg/l) 20 35.32 11.32 19.27 0.02 224.32 1.99 3.68 
Zn (µg/l) 31 66.44 40.28 3.43 0.15 1147 4.26 19.25 
 
Table 4.Correlation matrix between water quality data in the Lapusul Romanesc River 
 
Parameter 
Water 
temp. 
pH DO BOD COD N-NH4 N-NO2 N-NO3 TN P-PO4 TP 
Water temp. 1 -0.136 -0.977** 0.141 -0.220 -0.050 -0.096 -0.143 -0.010 -0.137 0.353* 
pH  1 0.109 -0.049 -0.058 0.045 -0.181 0.237 0.151 -0.264 -0.063 
DO   1 -0.109 0.156 -0.024 -0.014 0.188 0.100 0.051 -0.350* 
BOD    1 0.342* -0.201 -0.475** 0.421** 0.399** -0.636** 0.194 
COD     1 0.088 0.309* -0.174 -0.366* 0.218 0.194 
N-NH4      1 0.401* -0.107 0.011 0.488** -0.026 
N-NO2       1 -0.494** -0.421** 0.835** -0.148 
N-NO3        1 0.665** -0.636** -0.169 
TN         1 -0.551** 0.011 
P-PO4          1 -0.082 
TP           1 
**: Correlation is significant at the 0.01 level (2-tailed); *: Correlation is significant at the 0.05 level (2-tailed). 
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For Lapusul Romanesc section the overall HPI 
calculated based on the mean concentration of the 
heavy metals was computed to be more than the 
critical threshold pollution index value of 100, 
indicating that the selected water samples from the 
scrap yard neighborhood were critically 
contaminated with heavy metals.  
The study further revealed the impact of 
anthropogenic sources on the pollution load of the 
water. 
 
 
  
 
Figure 2. Heavy metal pollution index – Izvorul Alb 
Negru section 
 
Figure 3. Heavy metal pollution index – Izvorul Alb 
Negru section 
 
 
 
Figure 3. Heavy metal pollution index (seasonal average 2015) Lapusul Romanesc section 
 
 
4. Conclusions 
The obtained results showed that even after the 
cessation of mining activity, the improperly closed 
mines and poorly managed tailing deposits still 
generate a significant heavy metal pollution of 
surface waters due to uncontrolled leaching 
processes. The analysed data reveal signs of 
environment recuperation followed by episodes of 
remobilization of pollutants dispersed in soil, barren 
heaps, and possible uncontained acid mine drainage.  
Further monitoring actions are needed in order 
to identify and design strategies of containment the  
 
remaining pollution sources which become active 
during precipitation events. 
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